is an active process.
H. M A R T E N S
* pH, after equilibration with carbon dioxide at 39' was 6 6 6 . 8 .
t Osmolarity was approximately 300 mosmol/l.
f The concentration of magnesium was increased from 2.5 mmol/l to 20 mmol/i at the expense of sodium and potassium.
fistula, and fixed in the lower part of the oesophagus to prevent saliva from entering the rumen during the period of experimentation. Salivary secretion under these conditions was between 2 and 3 I/h. The saliva collected from the oesophagus was continuously returned to the animal through a tube passing through the rumen fistula and through the omasum into the abomasum.
Absorption experiments
Immediately before an experiment started, the emptied rumen was washed with buffer once more since traces of saliva might have passed into it during manipulation with the saliva collector. Then the rumen wall was adapted to the experimental conditions by introducing, for a period of 10 min, 2 I of the buffer solution to be used in the following experiment. The absorption studies were carried out using buffer solutions with different Mg concentrations (2.5, 5.0, 7.5, 12.5 and 20 mmol/l) and containing 1.92 mmol chromium (in the form of Cr-EDTA)/I as a volume marker (prepared according to Binnerts et al. 1968) . The compositions of the buffer solutions are shown in Table 1 .
A volume of 3 1 of the appropriate buffer solution was adjusted to body temperature, gassed with carbon dioxide, and introduced into the emptied and washed rumen. Samples of 10 ml were taken at zero time and after 5, 20, 40 and 60 min, then the remaining fluid was removed from the rumen. During the 1 h period the fluid in the rumen was continuously gassed with CO, and thus stirred. The samples were stored at 4' for subsequent analysis.
Three such experiments with different buffer solutions were performed in one animal/d. After the last experiment the previously removed rumen contents were returned to the rumen.
Disorders of rumen functions were not observed and no animal was used more than once weekly. where A is the net absorption (pmol/min), t is the experimental period (min), Vis the volume of fluid in the rumen (l), C is the Mg concentration (mmol/l), and B,E are the beginning and end of the experimental period respectively.
Calculation of Mg absorption

Analytical procedures
The samples were diluted with deionized water to give solutions-with concentrations (umol/l) of approximately 4 G 1 6 Mg and 19-77 Cr.
Mg and Cr were estimated by atomic absorption spectrophotometry (Perkin-Elmer AAS 400), according to the manufacturer's instructions, using an air-acetylene flame. Osmolarity was determined by a freezing-point-depression osmometer (Knauer). pH was measured immediately after the sample was taken.
Statistical treatment
Values are expressed as means and standard deviations. The regressions were calculated by the least-squares method.
RESULTS
Net absorption from the rumen increased with increasing concentration of Mg in the buffer solution. An approximately linear relationship between Mg absorption and Mg concentration in the artificial rumen fluid was observed between 2.5 and 12.5 mmol/l ( Fig. 1 ) but the efflux of Mg from the rumen increased much less when the Mg concentration was raised above 12.5 to 20 mmol/l. Using the Eadie-Hofstee Plot, the Michaelis-Menten constant (K,) was calculated as 11.43 mmol/l, and maximal efflux (V,,,) 120.3 ,umol/min (Fig. 2 ). The saturation kinetics obtained support the assumption that Mg interacts with a membrane component and passes across the rumen epithelium via a transcellular pathway. This would suggest a carrier-mediated mechanism to be involved in the transfer of Mg across the rumen wall. It is concluded that Mg is transported by an active process as described for sheep though differing in that Mg absorption in sheep was saturated at an Mg concentration of approximately 4 mmol/l (Brown et al. 1978; Martens, 1979) .
The results reported here appear to be in disagreement with the results of Horn & Smith (1978) who observed absorption of only trace amounts of Mg from the rumen of young steers. These contradictory results might be explained on the basis of the different methods used. Horn & Smith (1978) infused into the rumen a large amount of Mg (6 g) and the ratio, magnesium : water-soluble marker (polyethylene glycol) in the rumen fluid was determined over a 10 h period. The high dose of Mg increased both the pool and the concentration of Mg in the rumen considerably, resulting in initial Mg concentrations in the rumen fluid of approximately 15 mmol/l. According to the results from the present experiments, at such concentrations Mg transport should be saturated. It should also be noted that, for analytical reasons, measurement of absorption from the rumen becomes increasingly difficult at high intra-rumen concentrations and large pool sizes, as was the case in the experiments of Horn & Smith (1978) . Since in the present experiments the Mg pool was kept small, Mg absorption could be determined more precisely. As shown in Table 2 the quantities of Mg absorbed/h were between 8 and 20% of the pool.
Absorption of Mg observed in the present studies appears to be unusually high, e.g. approximately 2.2 mmol Mg/h were absorbed from the ventral rumen sac at a concentration of 5 mmol/l. A similarly high absorption was also found in sheep, using the same experimental approach (Martens, 1979) . Several factors are likely to have contributed to this high Mg absorption: (i) there was a high Na : K value (5) in the buffer solution, known to imprcve Mg absorption; (ii) the buffer solution was continuously gassed with CO, to maintain anaerobic conditions, and this may have increased blood flow through the rumen wall (Thorlacius, 1972) as well as Mg absorption (Martens, 1978) ; (iii) buffer Mg concentrations of 2.5 and 5 mmol/l resemble those found in normal rumen contents but
Mg was present almost entirely in the ionized form and thus available for absorption; (iv) buffer solution (3 1) was introduced into the rumen after removal of approximately 25 1 contents. Since the rumen significantly contracted after removal of its contents and this reduced its volume, and since rumen motility continued during the experiments, a much greater proportion of the internal rumen surface would have been in contact with the buffer solution than would be expected from the reduction of volume contents from 25 to 3 1. However, it is not certain whether in a normal rumen the internal surface in contact with coarse, non-fluid material can really be considered as an absorptive area. Net absorption of Mg from the small and large intestines of ruminants is very small under normal feeding conditions. It appears likely that the low apparent digestibility of Mg in ruminants (0.10-0.30, Kemp el al. 1961 ; Rook & Campling, 1962) is due to factors which affect the absorption of Mg from the forestomachs. One reason for the low apparent digestibility might be the saturation of Mg absorption in the rumen, which occurred above 12.5 mmol/l. However, Mg concentration in normal rumen fluid is between 2 and 6 mmol/l. Probably concentrations of 12.5 mmol/l and above do not occur under normal feeding conditions. Therefore it seems unlikely that the low apparent digestibility of Mg can be explained by a saturation of the absorptive capacity of the rumen. This conclusion is supported by the observation of Blume (1980) who found a positive and linear relationship between daily uptake of Mg by cows and Mg absorption before the duodenum. The Mg uptake by these cows varied between 8 and 34 g/d and was thus within the normal range of dietary supply in both non-lactating and lactating cows. The main reason for the low apparent digestibility of Mg might be its low solubility in the rumen (Storry, 1961 ; Grace et al. 1977) and the low Na : K value in the rumen fluid (Heggemann, 1980) . The technique applied in these studies may be subject to criticism from several points of view. ( a ) The accuracy of fluid volume measurements; fluid volumes are only correct if there is no absorption of the marker used. Although Dobson ef a1. (1976) have observed absorption of Cr-EDTA from the cow rumen, in the present experiments there was no significant disappearance of Cr during the experimental period. In eight experiments the mean (-t SE) amount of Cr contained in the buffer solution removed from the rumen after the experiment and in I 1 Cr-free-washing buffer was 98-2 3.8%. (b) Influx of endogenous Mg into the rumen with saliva; during the experimental periods saliva was collected by use of the saliva collector. It was shown from many previous experiments that the model used here closes the oesophagus without any leakages. (c) Efflux of a test solution containing Mg into the omasum; the rumen contents of the heifers used were approximately 25 kg. Only 3 1 buffer solution were infused into the rumen occupying approximately 60% of the ventral sac volume. Due to the continuing forestomach motility approximately 10&150 ml solution passed from the ventral rumen sac into the reticulum during each experimental period. Since the reticulo-omasal orifice was closed with a smooth rubber plug no fluid was lost in this direction. This was also shown by the fact that recovery of the volume marker was 98%.
Caution is needed in applying conclusions from quantitative information on Mg efflux from an isolated and buffer-filled rumen to conditions prevailing in a normal and undisturbed rumen. It is noteworthy, however, that Mg transport saturation in the sheep rumen wall was found irrespective of whether Mg was infused into a normal rumen (Field & Munro, 1977) , into a rumen pouch (Brown et af. 1978) or into a transiently isolated and washed rumen (Martens, 1979) .
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